BACKGROUND: In our ever-increasingly multicultural, multilingual society, medical interpreters serve an important role in the provision of care. Though it is known that using untrained interpreters leads to decreased quality of care for limited English proficiency patients, because of a short supply of professionals and a lack of formalized, feasible education programs for volunteers, community health centers and internal medicine practices continue to rely on untrained interpreters. OBJECTIVE: To develop and formally evaluate a novel medical interpreter education program that encompasses major tenets of interpretation, tailored to the needs of volunteer medical interpreters. DESIGN: One-armed, quasi-experimental retro-prepost study using survey ratings and feedback correlated by assessment scores to determine educational intervention effects. PARTICIPANTS: Thirty-eight students; 24 Spanish, nine Mandarin, and five Vietnamese. The majority had prior interpreting experience but no formal medical interpreter training. OUTCOME MEASURES: Students completed retrospective pre-test and post-test surveys measuring confidence in and perceived knowledge of key skills of interpretation. Primary outcome measures were a 10-point Likert scale for survey questions of knowledge, skills, and confidence, written and oral assessments of interpreter skills, and qualitative evidence of newfound knowledge in written reflections. RESULTS: Analyses showed a statistically significant (P <0.001) change of about two points in mean selfratings on knowledge, skills, and confidence, with large effect sizes (d > 0.8). The second half of the program was also quantitatively and qualitatively shown to be a vital learning experience, resulting in 18 % more students passing the oral assessments; a 19 % increase in mean scores for written assessments; and a newfound understanding of interpreter roles and ways to navigate them. CONCLUSIONS: This innovative program was successful in increasing volunteer interpreters' skills and knowledge of interpretation, as well as confidence in own abilities. Additionally, the program effectively taught how to navigate the roles of the interpreter to maintain clear communication.
INTRODUCTION
With ever-increasing numbers of immigrants and individuals for whom English is not the primary language, physicians and health centers in cities across the country must adapt to appropriately serve an increased number of limited English proficiency (LEP) patients. However, studies have shown that LEP patients experience limited access to medical care and inferior quality of care overall. 1 Although professional interpreter services can improve the quality of care provided to LEP patients 2 and even increase delivery of care, 3 the few current education programs are typically intended for those pursuing medical interpretation as a career, are not consistent or offered in every state, and often require 1 to 2 years of post-baccalaureate education. Education programs vary from as few as 2 hours to as many as 200+ hours, 4 and there are currently many competing accreditation bodies for medical interpreter certification. As a result, no clear standard exists and the present pathways to the various certifications are too long to be feasible requirements for volunteer medical interpreters. Many healthcare centers consequently develop internal trainings to address the lack of preparation, with training varying widely. 5 Community health centers (CHCs) generally provide no professional interpreter services, relying on untrained volunteer interpreters or family members due to limited resources. 6, 7 Additionally, CHCs often do not prescreen their bilingual volunteers or require formalized training as a prerequisite for interpreting. To our knowledge, only one formal course exists to train volunteer interpreters who do not intend to pursue medical interpretation as a profession. 8 However, this course is not tailored to the typical interpreter base of most CHCs: less-fluent, homeElectronic supplementary material The online version of this article (doi:10.1007/s11606-013-2502-5) contains supplementary material, which is available to authorized users.
background speakers of their Language of Service (LOS).
Though some volunteers at CHCs are native speakers of the LOS, many are home-background speakers (individuals with exposure to a heritage language within home and/or community 9 ) with varying levels of fluency. Similarly, even native speakers may not be sufficiently fluent in English to provide high-quality interpretation and are unprepared to navigate the various roles of an interpreter, such as serving as a conduit, message clarifier, cultural broker, and patient advocate. 10, 11 Qualified instruction is needed to understand such complex roles. The cultural broker role (defined as providing a cultural framework for understanding a message in situations where cultural differences can lead to misunderstanding 11 ) has been shown to be especially difficult to navigate. 12 To our knowledge, no existing medical interpreter education program addresses the needs of volunteer interpreters and provides the necessary comprehensive interpretation training. A recent study by Flores has shown that the number of hours of prior formal training, rather than years of previous experience, is significantly correlated with the proportion and rate of errors of potential clinical consequence and suggests that a minimum of 100 hours is optimal.
2 However, the Flores study focuses on hours of training and not content. Previous literature suggests that basic training requirements should include instruction and practice in interpretation accuracy; identification of appropriate interpreter roles for specific situations; applicable training on when and how to intervene; cross-cultural communication strategies; mentoring; and an interpreter support network to maintain skills over time. 5, 13 Additionally, it has been suggested that reverse shadowing of interpreters by colleagues would provide valuable performance feedback and evaluation.
14 Taking all of this into account, we developed and formally evaluated an innovative volunteer medical interpreter education program that combines these elements and establishes a benchmark for training volunteer medical interpreters.
METHODS

Study Site and Sample Selection
Arbor and Pacific Free Clinics, affiliates of Stanford School of Medicine and jointly known as the Cardinal Free Clinics (CFC), are representative CHCs and provide acute medical care for a combined 1,750 patients each year, more than 30 % of which are considered LEP and require interpreters. The clinics rely solely on volunteer interpreters and, prior to the intervention, none had previously undergone formalized medical interpretation education or been formally and systematically assessed for fluency in their LOS, which resulted in varying levels of language proficiency. All CFC interpreters were eligible to participate in the study and those who underwent the training were included in the sample. This study was exempt from human subjects review by the Stanford University School of Medicine Institutional Review Board.
Intervention Design
As outlined in Figure 1 , the intervention consisted of two parts. The foundation of the first half was the Cross Cultural Health Care Foundation's 40-hour Bridging the Gap (BTG) interpreting curriculum. 15 This training is usually taught entirely in English and allows students to learn through hands-on activities. However, to address varying levels of language proficiency typical of a volunteer interpreter base, the curriculum was supplemented with language-specific role-plays and medical terminology instruction, along with individual and group language coaching. Other teaching methods included didactic lectures, readings, online quizzes, group projects, and feedback from professional interpreters. This half provided a largely theoretical knowledge base of medical interpretation.
The second half of the program complemented the first, with increased exploration of practical applications and individualized attention via one-on-one professional mentorship and coaching. This half consisted of a 10-week practicum that included biweekly language labs led by professional interpreters, clinic shifts, on-site peer assessments at CFC, shadowing of professional interpreters at Stanford Hospital, and a reflection on shadowing experiences. The language lab component consisted of small group sessions with a maximum of ten students. Professional interpreters served as instructors and evaluated individual performance on lightning-round word interpretation, interpretation of prompted, pre-recorded audio scenarios, and group role-plays. Students also received individual mentorship by professional interpreters whom they shadowed.
Survey Design and Administration
Anonymous surveys were administered post-program. Students were asked to respond to ten survey questions, six of them on a 10-point Likert scale. The survey also invited free-text responses for questions regarding obstacles in employing proper interpreter etiquette.
Since the purpose of this intervention was to change the interpreters' understanding or awareness of variables being measured, we expected standards of evaluation to change throughout the timeline of the study. 16 As such, a retro-pre test was administered at the post-program time point to ensure an accurate baseline with the same standards for assessment of confidence in skills and abilities. To control for cognitive distortions inherent in retro-pre evaluations, 17 the retrospective segment was split from the rest of the survey by a series of free-response questions meant to focus respondents' attention on another aspect of the program and a different method of evaluation. Retrospective and post-test questions were consistent in wording and set-up. The students were first asked to rate their current levels of confidence and later advised to think back to the time before the program and rate their state then, but the questions themselves made no reference to time (See Appendix online). We thus expect any response-shift bias to be most attributable to revised standards as a function of knowledge gained from the program. Consequently, all survey data comparisons utilize retrospective data for baseline comparison to the post.
Survey Questions
Four of the survey questions were designed to measure competency in upholding basic tenets of medical interpretation and facilitating effective and clear communication between patients and providers. The questions were newly developed based on the body of existing medical interpretation literature and the goals of the BTG curriculum. See Appendix online.
Oral and Written Assessment Design and Analysis
Improvement in performance was also tracked via written exams in English administered pre-program and midprogram, and oral interpreter skills assessments in English and the LOS at various time points (Fig. 1) . Data from the written assessments was used as a direct evaluation of the first half of the education program, while data from the oral assessments was used as a direct evaluation of the second half of the education program. The pre-program exam was composed of 12 multiple-choice questions covering interpreter skills, roles, and etiquette, as well as general knowledge of the field. The second exam was composed of 50 questions, mostly multiple-choice, with some free-response, testing interpretation skills more in-depth. The instructors who developed and scored the exams based them on national BTG exams and deemed them both comparably rigorous. Oral interpreter assessments were administered by professional interpreters and were composed of two scenarios, one in English and another in the LOS. The examinee was asked to interpret these, applying the skills and roles that an interpreter would in a real encounter. A passing score was awarded to students who maintained the intended message.
Cursory Theme and Content Analysis
Two authors (OH, KP) independently read and contentanalyzed free-text responses and discussed common themes that emerged in the professional interpreter shadowing reflections regarding the educational impact of the experience.
Statistical Analysis
The unit of analysis for the evaluation of this curriculum was individual subjects in the intervention. Unpaired student t-tests were used for survey analysis to examine associations between retro-pre and post ratings, using Satterthwaite test for unequal variance. A paired t-test was used to analyze the change in written exam score percentage of correct answers from pre-program to midprogram. In education and behavioral science research, statistical significance and effect size have been shown to complement each other and are both recommended for good research practice. 18, 19 An effect size estimate is more useful for making judgments than a binary choice between significance and nonsignificance. 20 Cohen's well-cited conventions for psychological investigations continue to guide most researchers, with a d of 0.20 being small, 0.50 being moderate, and 0.80 being large. 21 All data was analyzed with SAS Enterprise Guide 5.1.
RESULTS
Respondent Characteristics
Thirty-eight students completed the program in June 2012, from a starting N of 51 (attrition rate of 26 %), with students withdrawing due to logistical issues, such as scheduling conflicts, and resignation following a selfidentified need to improve fluency in their LOS. Of the 38 students who completed the program, 24 interpreted for Spanish, nine for Mandarin, and five for Vietnamese. While the majority of students were home-background speakers of their LOS, some learned the language in an academic setting and a few were native speakers. Survey response rate was 92 %. The characteristics of the respondents were compared with non-respondents and determined to have no significant demographic differences.
Change in Self-Assessed Knowledge, Skills, and Confidence
As shown in Figure 2 , self-rated confidence levels for the four variables tested showed a statistically significant mean change of two points for all variables. Additionally, effect size for all variables was shown to be large. Cohen Objective Assessments: Written and Oral A total of 38 students took both pre-program and midprogram written assessments testing knowledge of the roles of an interpreter and skills needed for proper medical interpretation. Comparison of mean test results and distribution of scores for each of the assessments can be seen in Figure 3 . The mean change between percentage score from first to second assessment was 18.6 % (premean=68.7 %, post-mean=87.3 %, P <0.001). Cohen's d was 2.38. An examination of the student whose percentage change was negative (− 0.83 %) showed he had done well on the pretest and had little room for improvement. Figure 2 . Change in distributions of ratings and mean rating of self-assessed interpretation knowledge, skills, and competency. N=35. Statistically significant (P<0.001) change of about two points in mean rating was observed for ability to: a Provide the highest quality of interpretation (retro-pre=5.6, post=7.7, change=2.2) b Maintain the message completely and accurately (retro-pre=5.9, post=7.8, change= 1.9) c Accurately interpret words with no direct translation (retro-pre=6.3, post=7.9, change=1.6) d Serve as a cultural broker (retro-pre= 6.1, post=7.9, change=1.9). A distribution shift to no rating below five was observed post-program.
One student who took the initial assessment did not have a second score. A total of 39 oral interpreter assessments were administered (one student was assessed for two languages). At the mid-program time point, 33 passed and six failed the English-to-LOS Assessment, while 37 passed and two failed the LOS-to-English Assessment. However, postprogram, there was only one student who failed the English-to-LOS Assessment and none who failed the LOS-to-English Assessment (Table 1 ). In evaluating the student who did not pass, it was determined it was likely because of a lack of fluency in the LOS and not a lack of ability in interpreter skills. This is corroborated by the fact that the student passed the LOS-to-English assessment but not the English-to-LOS assessment, which requires a highlevel of fluency in the LOS.
Cursory Thematic Analysis of Mentorship and Shadowing Reflections
Reflections on the professional interpreter shadowing experience corroborated the need for further exploration of interpretation theory through exposure to its practical applications in real encounters. A number of educational themes emerged during content analysis, ranging from clarification on the use of social cues, intonations, and physical gestures, to practical limitations of theory and various interpreting techniques, to how to properly apply the various roles of an interpreter. A sampling of these themes is shown in Text Box 1.
DISCUSSION
Utilizing untrained interpreters or no interpreter is indisputably suboptimal for encounters with LEP patients and should be avoided, given the high risk for errors and potential for adverse patient outcomes. 3, [22] [23] [24] This novel 6-month training program was shown to be an effective, accelerated, and comprehensive solution for the optimization of interpreter services at CHCs, and sets a new benchmark for volunteer medical interpreter education.
Comparison of retro-pre-survey and post-survey data showed a statistically significant improvement in selfassessed competency in interpretation knowledge, skills, and confidence that was corroborated by significant improvements in written and oral assessments of interpretation skills. Additionally, for all variables, effect size was greater than 0.8, which is large by most standards. 21 Previous literature has suggested that mentoring and an interpreter support network are necessary to maintain skills over time. 5, 13 Other studies have corroborated the impact of mentoring in increasing students' confidence in their skills and understanding of their field of study. 25 Qualitative data did reveal that the language-specific mentorship provided by professional interpreters throughout the program was an invaluable counterpart to the didactic instruction. Importantly, shadowing real patient encounters also allowed students to see the limitations of medical interpretation theory first-hand and gain insight into practical applications of the various roles of an interpreter. From simpler clarifications of terminology to in-depth discussions on best approaches to working with a provider, the mentorship and shadowing clarified a wide range of issues regarding theory and the complexities of medical interpretation. For such complex roles as that of being a cultural broker, observing real instances where cultural misunderstandings could potentially hinder quality of care proved invaluable in learning the practical application of this skill. This echoes literature showing the importance and complexity of serving as a cultural broker 12 and explains the need for additional exploration through hands-on practice, observation of its application in real-life encounters, and discussion.
Interestingly, the duration of our program totaled around 80 hours, which was close to the 100 hours recently described by Flores as the "useful minimum" number of hours of interpreter training. 2 In fact, while their study makes a strong argument that 100 hours is necessary to significantly reduce the mean number of errors, choosing that as the cut-off for significance groups 80 hours with much less significant training and makes it appear less effective. Their preliminary analysis of varying cut-points of training and the effect on the number of total errors did show that the 80-hour cut-point also yielded a significant reduction in mean error rate to a point comparable to the 150-hour group.
Our model can be feasibly adapted by other CHCs and internal medicine practices that need interpreter services given its flexibility for implementation, short time span, and lower costs than post-baccalaureate and other more extensive programs. It is also important to note that the cost for this program is not recurring for most practices and CHCs, as interpreters typically remain on staff for long periods of time. However, an initial grant may be required to cover the cost of the professional instruction required for this program.
Our study has several limitations. First, our sample size was small and thus generalizability of results may be limited. Second, we did not use preexisting survey instruments, as none were appropriate for our purposes. Third, reoccurrence of questions in the surveys risked responses being influenced by earlier exposure. However, we controlled for such cognitive distortions with the surveys' design, as discussed in the Methods.
Overall, this program was shown to effectively increase volunteer interpreters' knowledge, skills, and confidence, thereby increasing the quality of the volunteers' interpretation. Though not directly measured, we expect this intervention to have improved quality of care for LEP patients through the improved interpreter services. Although we have demonstrated one successful model for training interpreters, as education programs vary widely, future research should explore different approaches to medical interpreter education and the optimal period and duration of training. An analysis of categorical interpreter error rates before and after the intervention would also quantify the program's ability to improve patient safety.
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Contributors: We gratefully acknowledge Johanna Parker, MA, Margarita Bekker, AHI (CCHI), BA, and Natalia Becerra, MA, the instructors of the program, for sharing their passion for the medical interpreter profession and vast experience with our students through their enthusiastic instruction and mentoring. We are also deeply grateful to Stanford Interpreter Services for their mentorship and tireless support of the program. We also thank Jie Li, PhD, of the Center of Excellence for Diversity in Medical Education of Stanford School of Medicine, for her valuable input in survey review and editing, as well as advice on program evaluation strategies. We further extend our gratitude to Sylvia Bereknyei, DrPH, MS for her generous advice and assistance in editing and review of the manuscript. Finally, we thank Raymond Balise, PhD, of the Center for Health Research and Policy of Stanford School of Medicine, for his help with statistical analysis and advice on data presentation. cultural gap … When the doctor said that he hasn't yet been able to explain her condition, the patient seemed to be very disappointed and questioned his reliability, perhaps because the Vietnamese culture is very sensitive and very dependent on doctors. Thus, the interpreter was able to explain to the patient that it was not because the doctor didn't look at her case closely, but it was because her condition was rare and needed further consultant from specialists and radiologists from the field." Managing the Encounter: Family Members in Room • "This interpreting session was difficult to navigate due to the daughter's presence in the room. [The daughter] wanted the doctor to withhold information from the patient… [she] usually served as his interpreter; it was obvious. At times, she would interject and interpret for the patient, but the interpreter always handled those situations with ease." Managing the Encounter: Intervening & Working with Providers • "The physical therapist told the interpreter that she spoke relatively fluent Spanish and would likely not need his help. As we quickly learned, however, the therapist did not speak very good Spanish at all. Although some of what she said could be understood, it was clearly creating a barrier of understanding. The interpreter was able to step in to facilitate communication between the wife and the physical therapist." Navigating Limitations of Interpretation Theory: Simultaneous Interpretation • "The interpreter used simultaneous interpretation to interpret the directions of provider… Even though the interpreter did her simultaneous interpretation very well, [it] delayed several seconds so that the patient delayed to respond to the provider's directions. Then the interpreter told the patient the meaning of each English direction, then asked the patient to follow the provider's English directions to breathe without simultaneous interpretation. Finally, the patient successfully produced an eligible breath." Navigating Limitations of Interpretation Theory: Use of First Person • "Even in the strange set up with all the family members, the interpreter did an excellent job of ensuring that everyone was included in the discussions … While talking to the patient, he couldn't always use the first person because she became confused. This is something we had talked about during the course, and seeing it in action, it made sense when it was appropriate to use and not to use first-person."
